Abstract: A special quantum error correction scheme is proposed to protect the flow of transmitted quantum information in complex channels. Based on the derived syndrome, an algorithm is devised for the construction of the called quantum event-error correction code, which can correct simultaneously random and burst quantum errors.
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: O157 : A Quantum information has stimulated much interest with rapid development of quantum communication and quantum computation. An important issue in quantum information is quantum error prevention [1] , detection [2] and correction [3, 4] . So, the quantum error-correcting code is now an active area of research [5] . Since the pioneer investigations were proposed to defend decoherence in entangled states [6, 7] , many works considering to construct the quantum error correction codes(QECC) have been presented [8, 9] . These codes, which are means of storing information in a certain set of qubits in such a way that it can be extracted even though a subset of the qubits have been changed in an unknown way, are fundamental parts in the investigation of the quantum information and quantum computing. It is an optimal candidate in quantum information for quantum error-correction, which * Supported by the National Natural Science Foundation of China under Grant No.60472018 ( ) considering QECC have been presented [8−13] . All these investigations may be divided into two categories, i.e., one is to construct codes for correcting quantum random errors [8−11] and the other is to design codes for defending quantum burst errors [12, 13] . In the first category, errors happen in some random positions. To correct this kind of errors, the quantum error-correction code is designed to maximize the minimum number of corrected singular error symbols.
Currently, such a category of errors has been intensively investigated, and hence many good quantum error-correction codes have been proposed with big error-correcting ability, which are decided by the weight of the constructed code. However, in the second category, errors happen in consecutive qubits with a fixed error length d.
To correct this kind of errors, the burst error correction code is proposed to maximize the minimum length of corrected errors, which has a character of correcting errors with a fraction of fixed length.
While random errors and burst errors occur simultaneously in a quantum code, detection and correction of errors are more complex. A simple way is to divide these errors into M separated (single) error events. Each event can be described by a binary vector in which the first and last bits are always "1"s. Since there are three basic errors, i.e., the bit flip error, the phase error and the mixed error of bit flip and phase errors [14] occurring possibly to a qubit, quantum error events may also be divided into three kinds, i.e., quantum bit flip error event, quantum phase error event and quantum mixed error event. By far, there is no research on how to correct quantum event error by the quantum approach. To correct quantum event errors in a quantum code, a new code which is called as quantum event-error correcting (QED) code is first investigated in this paper.
Descriptions of Quantum Event Errors
In a two-dimension Hilbert spaceH ⊗2 , a qubit can be denoted byΨ〉=α0〉+β1. Since disturbance of the environment, errors may occur to such a qubit. Let ε be an arbitrary quantum error with error operation in The quantum bit-flip error event (QBEE) can be described as, 
, and
The error operator of QBEE, QPEE and QFEE may be generalized by
Obviously, QBEE, QPEE and QFEE are especial cases of E (m) corresponding to β=0,α=0, and α=β respectively. In addition, there is a more general event error with α≠β. Thus, the quantum error event may be generalized by the following vector, . 
Construction of Quantum Event Error Correction Code
In this section, we show how to construct the stabilizer quantum code for event-error correction. Since a quantum error correction code can detect both quantum bit-flip event errors and quantum phase event errors at the same time and location (errors corresponding to QFEEs occur in this case), only QBEEs and QPEEs need to be considered in the following sections.
Syndrome of quantum event-error detection code
The particular code we wish to present may be best described by using the stabilizer formalism [14] , which provides an elegant and simple way to understand the process of the encoding operations.
A stabilizer quantum code ((n,2 n−k )) is defined to be a vector space V s stabilized by a subgroup S of Pauli group G n on n qubits, such that S(−I∉S) have k independent and commuting generators denoted by {g i :i=1,2,…,k}. There is a good way of expressing these generators by exploiting the check matrix H which is a K×2n matrix denoted by
n ,(1≤i≤k), and the i-th row is the generator g i described in the same way as in Eq.(5).
Consider a stabilizer S={g i :1≤i≤k} with k generators, and the event error operator, . Suppose a quantum event-error correction code Q be described by a (k 1 +k 2 )×2 n check matrix H with k=k 1 +k 2 .
Especially, based on Eq.(6), the check matrix can be expressed as, 
Let L be the length of the longest quantum error event in E, i.e.,
. To correct any event However, to correct errors corresponding to more error events, one has to design the compositional syndrome.
Let
, which is obtained by arranging zeros in front of . According to Eq. (5), one obtains the error matrix
where . Let and for 1≤j≤L be columns of matrix and respectively. Then vectors, 
The syndrome S is an MKL matrix. Denote rows of S from m(k−1)+1 to mk by S m , which consists of the syndrome of event error type m calculated by using check matrix H. By using the similar trick to analyze the syndrome of an error event, one can detect lengths, numbers, and locations of the occurring random errors corresponding to multiple error events. 
An algorithm for construction of quantum event-error correction codes
In this subsection, we investigate how to construct a quantum event-error correction code by exploiting the syndrome S. Obviously, to construct such a code, the check matrix which gives rise to a nonzero syndrome for arbitrary error event needs to be yielded explicitly. In the following we present an approach for constructing such a check matrix.
For a given error matrix Ξ , firstly, we choose vectors of k 
Utilizing the initial matrix ψ 0 and added columns h 1 ,h 2 ,…,h n−L , the matrix H is obtained,
The above procedure may be done by a finite quantum condition machine (FQCM). Define now a FQCM whose starting condition is labeled by an arbitrary matrix such that and , and the transition (edge) condition is labeled by h Many paths may be chosen in the FQCM for completing the check matrix, i.e., many h k s can be chosen at each step for creating ψ k . Since paths that produce a large number of different syndromes do not always result in good codes because of higher probability of producing zero elements of the vector in syndrome S, how to choose an optimal h ) (m j s k becomes an important problem. Consider a path of length n, and denote the set of positions of all event-errors by Q , where error event of type m gives rise to the same syndrome s. Let be the size of (i.e., ), the occurring probability of two quantum error events that produce zero element of the syndrome (ignoring the edge effect) is In a similar way, the occurring probability of three or more quantum error events can be obtained. Then the total probability of producing a zero s of syndrome S is 
The condition for the optimal h k is to minimize p miss .
Based on the above theory, an algorithm comes for the construction of quantum event-error correction code with minimizing the probability of producing zero element of s in syndrome S.
An algorithm for finding the check matrix H:
Step.1 For a given error Ξ , find all ψ 0 and ensure and . Denote the set of all possible ψ Step.2 Select randomly a matrix ψ 0 from V.
Step.3 Let H 0 =ψ 0 .
Step.4 For 1≤k≤n−L repeat: -For all edges h k emanating from ψ k do:
(1) Create 
-continue
Step.5
